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METHOD AND APPARATUS FOR SOLID 
STATE MOLECULAR ANALYSIS 
RELATED APPLICATIONS 
This application is a divisional of US. patent application 
Ser. No. 09/574,519, ?led on May 18, 2000 now US. Pat. 
No. 6,573,369, Which claims priority to US. Provisional 
Application Ser. No. 60/135,290, ?led on May 21, 1999. 
Application Ser. No. 09/574,519 and Application Ser. No. 
60/135,290 are hereby incorporated by reference in their 
entirety. 
TECHNICAL FIELD 
This invention relates to an apparatus and method for the 
construction and utiliZation of molecular deposition 
domains. More speci?cally, this invention is a method for 
the construction and utiliZation of molecular deposition 
domains into a high density molecular array for identifying 
and characterizing molecular interaction events. 
BACKGROUND 
Interactions betWeen molecules is a central theme in 
living systems. These interactions are key to myriad bio 
chemical and signal transduction pathWays. Messages from 
outside a cell travel along signal transduction pathWays into 
the cell’s nucleus, Where they trigger key cellular functions. 
Such pathWays in turn dictate the status of the overall 
system. Slight changes or abnormalities in the interactions 
betWeen biomolecules can effect the biochemical and signal 
transduction pathWays, resulting in inappropriate 
development, cancer, a variety of disease states, and even 
cell senescence and death. On the other hand, it can be 
extremely bene?cial to develop reagents and effectors that 
can inhibit, stimulate, or otherWise effect speci?c types of 
molecular interactions in biochemical systems; including 
biochemical and signal transduction pathWays. Reagents and 
effectors that effect nucleus interactions may often become 
very poWerful drugs Which can be used to treat a variety of 
conditions. 
Current Technology 
Several recent studies have shoWn that a scanning probe 
microscope “SPM” may be used to study molecular inter 
actions by making a number of measurements. The SPM 
measurements may include changes in height, friction, 
phase, frequency, amplitude, and elasticity. The SPM probe 
can even perform direct measurements of the forces present 
betWeen molecules situated on the SPM probe and mol 
ecules immobiliZed on a surface. For eXample, see Lee, G. 
U., L. A. Chrisey, and R. J. Colton, Direct Measurement of 
the Forces Between Complementary Strands of DNA. 
Science, 1994. 266: p. 771—773; Hinterdorfer, P., W. 
Baumgartner, H. J. Gruber, and H. Schindler, Detection and 
Localization of Individual Antibody-antigen Recognition 
Events by Atomic Force Microscopy, Proc. Natl. Acad. Sci., 
1996. 93: p. 3477—3481; Dammer, U., O. Popescu, P. 
Wagner, D. Anselmetti, H. -J. Guntherodt, and G. N. 
Misevic, Binding Strength Between Cell Adhesion Poteogly 
cans Measured byAtomic Force Microscopy. Science, 1995. 
267: p. 1173—1175; Jones, v. et al. Microminiaturized Immu 
noassays Using Atomic Force Microscopy and Composi 
tionally Patterned Antigen Arrays, Analy. Chem., 1998 
70(7): p. 1233—1241; and Rief, M., F. Oesterhelt, B. 
Heymann, and H. E. Gaub, Single Molecule Force Spec 
troscopy on Polysaccharides by Atomic Force Microscopy, 
Science, 1997. 275: p. 1295—1297. The above studies illus 













interaction betWeen and Within virtually all types of mol 
ecules by utiliZing an SPM. Furthermore, recent studies have 
shoWn that it is possible to use direct force measurement to 
detect changes in molecular complex formation caused by 
the addition of a soluble molecular species. A direct force 
measurement may elucidate the effect of soluble molecular 
species on the interaction betWeen a molecular species on an 
SPM probe and a surface. 
Molecular Arrays 
The ability to measure molecular events in patterned 
arrays is an emerging technology. The deposition material 
can be deposited on a solitary spot or in a variety of siZes and 
patterns on the surface. The arrays can be used to discover 
neW compounds Which may interact in a characteriZable Way 
With the deposited material. Arrays provide a large number 
of different test sites in a relatively small area. To form an 
array, one must be able to de?ne a particular site at Which a 
deposition sample can be placed in a de?ned and reproduc 
ible manner. 
There are four approaches for building conventional 
molecular arrays knoWn in the art. These prior art methods 
include 1) mechanical deposition, 2) in situ photochemical 
synthesis, 3) “ink jet” printing, and 4) electronically driven 
deposition. The siZe of the deposition spot (or “domain”) is 
of particular importance When utiliZing an SPM to scan for 
molecular recognition events. Current SPM technology only 
alloWs a scan in a de?ned area. Placing more domains in this 
de?ned area alloWs for a Wider variety of molecular inter 
action events to be simultaneously tested. 
Mechanical deposition is commonly carried out using a 
“pin tool” device. Typically the pin tool is a metal or similar 
cylindrical shaft that may be split at the end to facilitate 
capillary take up of liquid. Typically the pin is dipped in the 
source and moved to the deposition location and touched to 
the surface to transfer material to that domain. In one design 
the pin tool is loaded by passing through a circular ring that 
contains a ?lm of the desired sample held in the ring by 
surface tension. The pin tool is Washed and this process 
repeated. Currently, pin tool approaches are limited to spot 
siZes of 25 to 100 microns or larger. The spot siZe puts a 
constraint on the maXimum density for the molecular depo 
sition sites constructed in this manner. A need exists for a 
method that alloWs for molecular domains of smaller dimen 
sions to be deposited. 
In situ photochemical procedures alloW for the construc 
tion of arrays of molecular species at spatial addresses in the 
1—10 micron siZe range and larger. In situ photochemical 
construction can be carried out by shining a light through a 
mask. Photochemical synthesis occurs only at those loca 
tions receiving the light. By changing the mask at each step, 
a variety of chemical reactions at speci?c addresses can be 
carried out. The photochemical approach is usually used for 
the synthesis of a nucleic acid or a peptide array. A signi? 
cant limitation of this approach is that the siZe of the 
synthetic products is constrained by the coupling ef?ciency 
at each step. Practically, this results in appreciable synthesis 
of only a relatively short peptide and nucleic acid specimen. 
In addition, it becomes increasingly improbable that a mol 
ecule Will fold into a biologically relevant higher order 
architecture as the synthetic species becomes larger. A need 
eXists for an alternative method for deposition of macromo 
lecular species that Will preserve the molecular formation of 
interest in addition to avoiding the cost of constructing the 
multiple masks used in this method. 
Ink jet printing is an alternative method for constructing 
a molecular array. Ink jet printing of molecular species 
produces spots in the 100 micron range. This approach is 
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only useful for printing a relatively small number of species 
because of the need for extensive cleaning betWeen printing 
events. A key issue With ink jet printing is maintenance of 
the structural/functional integrity of the sample being 
printed. The ejection rate of the material from the printer 
results in shear forces that may signi?cantly compromise 
sample integrity. A need exists for a method that Will retain 
the initial structure and functional aspects of the deposition 
material and that Will form smaller spots than are possible 
With the above ink jet method. 
Electronic deposition is yet another method knoWn for the 
construction of molecular arrays. Electronic deposition may 
be accomplished by the independent charging of conductive 
pads, causing local electrochemical events Which lead to the 
sample deposition. This approach has been used for depo 
sition of DNA samples by draWing the DNA to speci?c 
addresses and holding them in a capture matrix above the 
address. The electronic nature of the address can be used to 
manipulate samples at that location, for example, to locally 
denature DNA samples. A disadvantage of this approach is 
that the address density and siZe is limited by the dimensions 
of the electronic array. 
A need exists for a molecular deposition technique that 
Will alloW for smaller deposition spots (domains). Smaller 
deposition domains alloW for an array to be constructed With 
a greater density of domains. More domains further alloW 
for a Wider variety in the deposition material to be placed on 
the same array, alloWing a user to search for more molecular 
interaction events simultaneously. 
Afurther need exists for the ability to place these spots at 
a de?ned spatial address. Placing the domains at de?ned 
spatial addresses alloWs the user to know exactly What 
deposition material the SPM is scanning at any given time. 
Furthermore, a need exists for a method to make depo 
sition domains With large molecular Weight samples that 
also retains the desired chemical formation. Finally, a need 
exists for the ef?cient construction of these molecule 
domains into an array. 
Molecular Detection 
All of the above examples are further limited because they 
require some type of labeling of the deposition sample for 
testing. Typical labeling schemes may include ?uorescent or 
other tags coupled to a probe molecule. In a typical molecu 
lar event experiment, an array of knoWn samples, for 
example DNA sequences, Will be incubated With a solution 
containing a ?uorescent indicator. In the DNA example this 
Would be ?uorescently or otherWise labeled nucleic acids, 
most often a single stranded DNA of an unknoWn sequence. 
Speci?c sequence elements are identi?ed in the DNAsample 
by virtue of the hybridiZation of the label to addresses 
containing knoWn sequence elements. This process has been 
used to screen entire ensembles of expressed genes in a 
given population of cells at a particular time or under a 
particular set of conditions. Other labeling procedures have 
also been employed, including RF (radio frequency) labels 
and magnetic labels. These methods are less frequently used, 
hoWever, than the ?uorescent label methods desired above. 
All of these labels hinder experiments With extra steps, 
reagents, and in some cases, risk. 
Other methods for the detection of the interactions of 
molecules on a molecular array include inverse cyclic 
voltametry, capacitance or other electronic changes, radio 
activity (such as With isotopes of phosphorous), and chemi 
cal reactions. In virtually all cases, some form of labeling of 
the probe molecule that is added to the array is required. This 
is a signi?cant limitation of current arrays. A need exists for 










Scanning Probe Microscopy 
AWide variety of SPM instruments are capable of detect 
ing optical, electronic, conductive, and other properties. One 
form of SPM, the atomic force microscope (AFM), is an 
ultra-sensitive force transduction system. In the AFM, a 
sharp tip is situated at the end of a ?exible cantilever and 
scanned over a sample surface. While scanning, the canti 
lever is de?ected by the net sum of the attractive and 
repulsive forces betWeen the tip and sample. If the spring 
constant of the cantilever is knoWn, the net interaction force 
can be accurately determined from the de?ection of the 
cantilever. The de?ection of the cantilever is usually mea 
sured by the re?ection of a focused laser beam from the back 
of the cantilever onto a split photodiode, constituting an 
“optical lever” or “beam de?ection” mechanism. Other 
methods for the detection of cantilever de?ection include 
interferometry and pieZoelectric strain gauges. 
The ?rst AFMs recorded only the vertical displacements 
of the cantilever. More recent methods involve resonating 
the tip and alloWing only transient contact, or in some cases 
no contact at all, betWeen it and the sample. Plots of tip 
displacement or resonance changes as it traverses a sample 
surface are used to generate topographic images. Such 
images have revealed the three dimensional structure of a 
Wide variety of sample types including material, chemical, 
and biological specimens. Some examples of the latter 
include DNA, proteins, chromatin, chromosomes, ion 
channels, and even living cells. 
In addition to its imaging capabilities, the AFM can make 
extremely ?ne force measurements. The AFM can directly 
sense and measure forces in the microNetWon (10_6) to 
picoNeWton (10'12) range. Thus, the AFM can measure 
forces betWeen molecular pairs, and even Within single 
molecules. Moreover, the AFM can measure a Wide variety 
of other forces and phenomena, such as magnetic ?elds, 
thermal gradients and viscoelasticity. This ability can be 
exploited to map force ?elds on a sample surface, and reveal 
With high resolution the location and magnitude of these 
?elds, as in, for example, localiZing complexes of interest 
located on a speci?c surface. 
Direct Force Measurement 
To make molecular force measurements, the AFM probe 
is functionaliZed With a molecule of interest. This bio- or 
chemi-active probe is then scanned across the surface of 
interest. The molecule tethered to the probe interacts With 
the corresponding molecule or atoms of interest on the 
surface being studied. The interactions betWeen the mol 
ecule functionaliZed on the probe and the molecules or 
atoms on the surface create minute forces that can be 
measured by displacement of the probe. The measurement is 
typically displayed as a force vs. distance curve (“force 
curve” . 
To generate a force curve, the tip or sample is cycled 
through motions of vertical extension and retraction. Each 
cycle brings the tip into contact With the sample, then pulls 
the tip out of contact. The displacement of the cantilever is 
Zero until the extension motion brings the tip into contact 
With the surface. Then the tip and sample are physically 
coupled as the extension continues. The physical coupling is 
the result of hard surface contact (Van der Waals 
interactions) betWeen the probe and the surface. This inter 
action continues for the duration of the extension component 
of the cycle. When the cycle is reversed and the tip retracted, 
the physical contact is broken. If there is no attractive 
interaction betWeen the tip and sample the tip separates from 
the sample at the same position in space at Which they made 
contact during extension. HoWever, if there is an adhesive 










